
JOURNAL OF CLINICAL MICROBIOLOGY,
0095-1137/00/$04.0010

May 2000, p. 1845–1853 Vol. 38, No. 5

Copyright © 2000, American Society for Microbiology. All Rights Reserved.

Human Cytomegalovirus Immediate-Early mRNA Detection by
Nucleic Acid Sequence-Based Amplification as a New Parameter for

Preemptive Therapy in Bone Marrow Transplant Recipients
GIUSEPPE GERNA,1* FAUSTO BALDANTI,1 DANIELE LILLERI,1 MAURIZIO PAREA,1

EMILIO ALESSANDRINO,2 AMBROGIO PAGANI,3 FRANCO LOCATELLI,4

JAAP MIDDELDORP,5 AND M. GRAZIA REVELLO1

Servizio di Virologia,1 Divisione di Ematologia,2 Servizio di Immunoematologia e Transfusione,3 and Dipartimento di
Pediatria,4 Istituto di Ricovero e Cura a Carattere Scientifico Policlinico San Matteo, Università di Pavia,
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Human cytomegalovirus (HCMV) infection was monitored retrospectively by qualitative determination of
immediate-early (IE) mRNA by nucleic acid sequence-based amplification (NASBA) in a series of 51 bone
marrow transplant (BMT) recipients. The qualitative results for IE mRNA obtained by NASBA were compared
with those obtained by prospective quantitation of HCMV viremia and antigenemia and retrospective quan-
titation of DNA in blood (DNAemia) by PCR as well as by qualitative determination of late pp67 mRNA by
NASBA. On the whole, of the 39 HCMV-positive patients (all asymptomatic), HCMV was detected in 14 (35.9%)
by quantitation of viremia, 15 (38.5%) by detection of pp67 mRNA by NASBA, 32 (82.1%) by quantitation of
DNAemia, and 33 (84.6%) by quantitation of antigenemia, while HCMV was detected in 38 (97.4%) patients by
detection of IE mRNA by NASBA. In the immunocompetent host, IE mRNA was not detected by NASBA in 100
blood donors or during reactivated infections in 30 breast-feeding mothers. Likewise, NASBA did not detect IE
mRNA in 56 solid-organ transplant recipients in the first 21 days after transplantation. By using NASBA for
detection of IE mRNA as the reference standard for detection of HCMV infection in blood samples, the
diagnostic sensitivities were 67.7% for quantitation of DNAemia, 59.0% for quantitation of antigenemia, 18.3%
for detection of pp67 mRNA by NASBA, and 16.0% for quantitation of viremia. Specificities and negative and
positive predictive values were >90.0, >70.0, and >80.0%, respectively, for all four assays. The mean times to
first HCMV detection after bone marrow transplantation were 37.7 6 15.4 days for detection of IE mRNA by
NASBA, 39.6 6 15.6 days for quantitation of antigenemia, 40.9 6 15.2 days for quantitation of DNAemia, and
43.7 6 16.3 or 43.7 6 17.5 days for quantitation of viremia and detection of pp67 mRNA by NASBA,
respectively. On the whole, 31 BMT recipients received preemptive therapy by using confirmed antigenemia
positivity as a cutoff, while 35 patients could have been treated by using NASBA positivity as a cutoff and 31
could have been treated by using quantitation of DNAemia as a cutoff. In single patients, IE mRNA was
detected in every episode of active HCMV infection, mostly preceding and sometimes accompanying antigen-
emia and DNAemia, whereas pp67 mRNA was detected only concomitantly with the highest peaks of infection.
HCMV IE mRNA detection may represent a useful parameter for initiation of preemptive therapy in BMT
recipients.

Among different assays developed and introduced in the last
decade in diagnostic virology laboratories for detection and
monitoring of human cytomegalovirus (HCMV) infections in
different patient populations who have received transplants,
qualitative and quantitative determinations of HCMV antigen-
emia (34, 40) and DNA in blood (DNAemia) (7, 10, 13, 15, 16,
38) in peripheral blood leukocytes (PBLs) have been widely
used for preemptive (presymptomatic) therapy (21, 27, 31, 36).
However, since viral products detected in PBLs by different
diagnostic assays are taken up in vivo by leukocytes from
HCMV-infected cells (26, 33), neither quantitation of antigen-
emia nor quantitation of DNAemia appears to correlate con-
sistently with the actual viral replication in vivo (21). In this
respect, detection of viral transcripts is currently considered a
more direct marker of HCMV replication in vivo, and in par-

ticular, it seems that the detection of late transcripts may better
reflect active HCMV replication, dissemination, and disease
(24, 25, 29, 32).

However, reverse transcription-PCR, the method currently
most used for viral RNA detection, bears the risk of false-
positive results because of problems in differentiating between
RNA- and DNA-derived PCR products. To overcome this
problem, the recently introduced nucleic acid sequence-based
amplification (NASBA) assays, which allow specific amplifica-
tion of unspliced mRNA in a DNA background, appear to be
very promising, as shown by the first published reports (1, 3,
14). In a recent retrospective study, we showed that detection
of pp67 late HCMV transcript by NASBA in PBLs from solid-
organ transplant recipients preceded the antigenemia thresh-
old of 100 pp65-positive PBLs/2 3 105 PBLs (the currently
used cutoff value in our hospital for initiation of preemptive
therapy) by a mean time of 3.5 6 2.6 days. On the other hand,
late transcripts were detected by NASBA a mean time of 2.0 6
5.1 days after initial positivity for antigenemia in a group of
bone marrow transplant (BMT) recipients and solid-organ
transplant recipients with primary infection (14). Thus, this
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delay appeared to place patients at risk if pp67 mRNA detec-
tion was used as a cutoff for treatment of BMT patients, in
whom early treatment is requested, given the risk of early
HCMV interstitial pneumonia in the posttransplantation pe-
riod (12). In fact, in BMT recipients the severe impairment of
anti-HCMV-specific immunity forces the clinician to rely on
antiviral therapy as the sole tool to control HCMV infection,
thus requiring an ultrasensitive diagnostic approach.

In the present study, we investigated retrospectively whether
detection of immediate-early (IE) mRNA by NASBA could be
a better cutoff than detection of antigenemia for preemptive
treatment in BMT recipients. This approach is based on recent
preliminary reports that have shown that IE mRNA detection
by NASBA is the most sensitive assay for early detection of
HCMV infection (2, 4). Results show that detection of IE
mRNA may be a new useful parameter for early intervention
strategies in BMT recipients.

MATERIALS AND METHODS

Patients and control subjects. From July 1997 to January 1999 a total of 51
allogeneic BMT recipients, including 31 children (median age, 8 years; age range,
2 to 20 years) and 20 adults (median age, 42.5 years; age range, 21 to 55 years)
were enrolled in the study. Their underlying hematologic diseases that required
bone marrow transplantation were the following: chronic myeloid leukemia (n 5
12), acute myeloid leukemia (n 5 12), acute lymphoblastic leukemia (n 5 11),
myelodysplastic syndrome (n 5 8), aplastic anemia (n 5 2), thalassemia major
(n 5 3), Wiskott-Aldrich syndrome (n 5 1), infantile malignant osteopetrosis
(n 5 1), and chronic granulomatous disease (n 5 1). BMT recipients received an
allogeneic marrow transplant at the Department of Pediatrics and at the Division
of Hematology, University Hospital Istituto di Ricovero e Cura a Carattere
Scientifico Policlinico San Matteo, Pavia, Italy. All patients were monitored for
HCMV infection for a 3-month period, which was prolonged, when required,
until HCMV disappearance from blood or until 20 weeks after transplantation.
During follow-up, 544 heparinized or EDTA-treated blood samples were col-
lected weekly or more frequently, according to the kinetics of HCMV infection.
The serological statuses of the donors and recipients were determined by en-
zyme-linked immunosorbent assay prior to transplantation (19).

Prophylaxis for graft-versus-host disease (GVHD) consisted of cyclosporine
for patients who received transplants from a compatible sibling, whereas patients
given BMT from an HLA partially matched family donor received in vitro
T-cell-depleted marrow, and patients who received the allograft from a matched
but unrelated donor received, in addition to cyclosporine, short-term treatments
with methotrexate, steroids, and the monoclonal antibody Campath-1G. Patients
with acute GVHD were treated with steroids as first-line therapy, and resistant
patients were treated with horse anti-lymphocyte globulin (16, 31). All BMT
patients were given multiple transfusions of leukocyte-depleted red blood cells,
platelets, and frozen plasma from unscreened blood donors.

Preliminarily, the clinical significance of IE mRNA detection by NASBA was
assessed by testing three groups of control subjects: (i) 83 HCMV-seropositive
and 17 HCMV-seronegative blood donors, (ii) 48 HCMV-seropositive and 8
HCMV-seronegative BMT and solid-organ transplant recipients tested within
the first 20 days after transplantation, and (iii) 30 breast-feeding mothers with
reactivated HCMV infection, as shown by HCMV isolation from their milk.

Antiviral treatment. A preemptive therapy approach was adopted for this
study. Ganciclovir (GCV) was administered intravenously at a standard dosage
of 10 mg/kg of body weight/day for 14 days or until pp65 antigenemia clearance
(i.e., three consecutive samples were negative for antigenemia). Alternatively,
foscarnet (PFA) was administered intravenously at a dosage of 180 mg/kg/day for
14 days (unless otherwise clinically indicated) or until antigenemia clearance
(i.e., three subsequent samples were negative for antigenemia). In 32 of 51
patients in this study, therapy was started either immediately when two or more
pp65-positive PBLs were detected or when detection of one pp65-positive PBL
was confirmed in the following 2 to 3 days by similar or higher levels of pp65-
positive PBLs. Secondary courses of either GCV or PFA treatment were admin-
istered to 10 of 32 patients who presented with a single recurrence episode of
HCMV infection and to 4 of 32 patients who presented with two or three
secondary episodes of infection. When considered clinically necessary on the
basis of delayed viral clearance, some patients were treated with a combination
of the two antiviral drugs. Patients who had active GVHD and who were expe-
riencing HCMV reactivation were consistently treated for 1 more week with
either GCV or PFA after viral clearance (16, 31).

Virologic follow-up. All patients were virologically monitored for HCMV in-
fection by prospective quantitation of pp65 antigenemia and viremia, whereas
quantitation of DNAemia and qualitative determination of IE and pp67 (late)
RNAemia were performed retrospectively. Quantitation of pp65 antigenemia
was achieved under a fluorescence microscope by counting the number of PBLs
positive for pp65/2 3 105 PBLs examined on cytospin preparations stained with

a pool of three pp65-specific monoclonal antibodies, according to a previously
reported (18) and a more recently standardized (17) procedure. The quantitation
of viremia was achieved by inoculating 2 3 105 PBLs onto human embryonic lung
fibroblast cell cultures by the shell vial technique and then by counting the
number of fibroblast nuclei positive for HCMV IE antigen p72 at 16 to 24 h after
inoculation (20). DNAemia was quantitated by PCR following DNA extraction
from whole blood as reported below for NASBA. The previously described PCR
method for HCMV DNA quantification (15) was modified by using a new
internal control (pAC2) as well as new external standards (pCM2) (21), which
were constructed according to the same principle described in the original report
(41). Briefly, samples were amplified in the presence of 100 copies of plasmid
pAC2 and in parallel with semilogarithmic dilutions (104 to 101 copies) of
plasmid pCM2 containing the same HCMV IE1 region currently amplified from
clinical samples. HCMV DNA quantification was then achieved by plotting the
pCM2/pAC2 ratio values from the external standards following densitometric
analysis of gel signals and then by interpolating the HCMV/pAC2 ratio values
from clinical samples on the standard curve that was generated (15, 21). This
method allowed reproducible HCMV DNA quantification in the range of 101 to
104 genome equivalents/10 ml of DNA from whole blood when the single-step
quantitative PCR was used.

NASBA. The Nuclisens HCMV pp67 NASBA was carried out according to the
manufacturer’s instructions (Organon Teknika B.V., Boxtel, The Netherlands),
as reported previously (3, 14). The NASBA procedure for detection of IE mRNA
was carried out essentially as described for the NASBA for detection of pp67 (2).
Briefly, nucleic acids from 100 ml of whole blood were isolated by the method of
Boom et al. (8). System control (SC) RNA (;8,000 cRNA copies) was added to
the samples prior to nucleic acid isolation, thus serving as a positive control for
isolation, amplification, and detection. The SC RNA included part of the IE1
mRNA corresponding to nucleotides 171,797 to 172,050 of the HCMV (AD169)
genome (9) and could be distinguished from wild-type (wt) RNA by insertion of
a fragment of 134 nucleotides, as reported previously (2). wt and SC IE mRNAs
were amplified with a primer that contained a T7 promoter and a reverse primer.
Amplification products were detected by electrochemiluminescence with capture
probes coupled to magnetic beads and wt- and SC-specific ruthenium-labeled
oligonucleotide detection probes (2). The analytical sensitivity of the NASBA for
detection of IE mRNA was about 70 copies/10 ml of whole blood. The same
containment measures as those used for PCR protocols (28) were adopted for
the performance of NASBA (the use of three separate rooms as well as the use
of separate reagents, micropipettes, and aerosol-resistant filter tips). In addition,
negative controls were included in each test run.

Statistical analysis. Differences in the means of parametric data (by the
Lilliefors test for normal distributions) were tested by using the t test, while the
Kolmogorov-Smirnov test for unpaired data was used for nonparametric data.
Differences in distributions were analyzed by using the Pearson chi-square test.

RESULTS

Detection of IE mRNA by NASBA in control groups. To
define the clinical significance of IE mRNA detection by
NASBA, we preliminarily tested the blood of 100 healthy
blood donors, of whom 17 were HCMV seronegative, and 30
breast-feeding women excreting HCMV in their breast milk.
IE mRNA was not detected in any subject. In addition, 56
transplant recipients, of whom 8 were HCMV seronegative,
showed no IE mRNA in their blood when they were tested in
the first 3 weeks after transplantation. Eleven additional con-
trol transplant patients found to be IE mRNA positive in the
first 21 days after transplantation were shown to be in the
initial phase of an HCMV infection, as subsequently confirmed
by the positive results of the other assays. In conclusion, on the
basis of these results we considered the NASBA for detection
of IE mRNA the reference standard method for the diagnosis
of active HCMV infection.

Incidence of HCMV infection in BMT recipient population.
The serological statuses of the donors and recipients for the
indicated numbers of patients with HCMV infection among
the numbers of patients tested were as follows: for 25 of 30
patients (12 of 17 pediatric patients), donor positive and re-
cipient positive; for 1 of 3 patients (all pediatric patients),
donor positive and recipient negative; for 12 of 17 patients (7
of 11 pediatric patients), donor negative and recipient positive;
for 1 of 1 (adult) patient, donor negative and recipient nega-
tive. Thus, of the 51 BMT recipients examined, 39 (76.5%)
developed HCMV infection. No patient developed overt
HCMV disease due to the preemptive therapy approach.
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Twelve patients remained HCMV negative during the entire
follow-up period. Of the 20 HCMV-positive (64.5%) pediatric
patients, 19 (95.0%) were positive by detection of IE mRNA by
NASBA and 14 (70.0%) were treated according to the anti-
genemia-guided preemptive therapy protocol. In parallel, of
the 19 HCMV-positive (95.0%) adult patients, all 19 (100%)
were IE mRNA positive and 17 (89.5%) were treated. On the
whole, 31 of 39 (79.5%) patients who developed HCMV in-
fection were treated. The single HCMV-seronegative adult
patient, given BMT from a seronegative donor and who devel-
oped HCMV infection after transplantation, had been trans-
fused with several units of platelets, erythrocytes, and plasma.

Of the 39 of 51 HCMV-positive patients identified when
considering results provided by any virologic assay, HCMV was
detected in 14 by quantitation of viremia, 15 by NASBA for
detection of pp67 mRNA, 32 by quantitation of DNAemia, and
33 by quantitation of antigenemia, while HCMV was detected
in 38 patients by NASBA for detection of IE mRNA (Table 1).
By using IE mRNA detection by NASBA as the reference
standard for detection of active HCMV infection in BMT
patients, the highest sensitivities were given by the combina-
tion of any assay for (100%) followed by assays for DNAemia
and antigenemia (84.2%), and this was also true for the neg-
ative predictive value (NPV). On the other hand, specificities
and positive predictive values (PPVs) were very high (.90%)
for all assays.

In more detail, when considering patient positivity for

HCMV infection in blood by different assay combinations, 9 of
51 patients (17.6%) were positive by all five assays, 11 (21.6%)
were positive by four assays (6 patients were positive by assays
for antigenemia, DNAemia, pp67 mRNA, and IE mRNA, and
5 patients were positive by assays for antigenemia, viremia,
DNAemia, and IE mRNA), 10 (19.6%) were positive by three
assays (assays for antigenemia, DNAemia, and IE mRNA),
four (7.8%) were positive by two assays (2 patients were pos-
itive by assays for antigenemia and IE mRNA, and 2 patients
were positive by assays for DNAemia and IE mRNA), and 5
(9.8%) were positive by one assay (1 patient was positive by the
assay for antigenemia and 4 patients were positive by the assay
for IE mRNA). The single patient found to be HCMV positive
only by the assay for antigenemia was a true positive (and was
treated), since the assay for antigenemia was found to be re-
peatedly positive at a very low level (1 pp65-positive PBL/2 3
105 PBLs examined), whereas the NASBA for detection of IE
mRNA and the other assays were repeatedly negative (tests
performed in replicate with sequential blood samples). Of the
four patients (two were donor positive and recipient positive,
one was donor positive and recipient negative, and one was
donor negative and recipient positive) positive only by the
assay for IE mRNA, a single blood sample from three patients
was positive and two subsequent blood samples from one pa-
tient were positive. All these patients received transfusions of
several units of leukocyte-depleted blood components.

Detection of HCMV infection. As reported in Table 2, of the

TABLE 1. Detection of HCMV infection by different assays and diagnostic value of each assay for 51 BMT recipients by using NASBA for
detection of IE mRNA as the reference standard

Assay for detection of:

No. (%) of patients with diagnosis
of HCMV infection

in blood
Sensitivity

(%)
Specificity

(%)
PPV
(%)

NPV
(%)

Positive Negative

Antigenemia 33 (64.7) 18 (35.3) 84.2 92.3 97.0 66.7
Viremia 14 (27.5) 37 (72.5) 36.8 100 100 35.1
DNAemia 32 (62.7) 19 (37.3) 84.2 100 100 68.4
pp67 mRNA 15 (29.4) 36 (70.6) 39.5 100 100 36.1
IE mRNAa 38 (74.6) 13 (25.4) NAb NA NA NA
Any 39 (76.5) 12 (23.5) 100 92.3 97.4 100

a
Reference assay.

b NA, not applicable.

TABLE 2. Comparison of results of NASBA for IE mRNA, assays for antigenemia, DNAemia, and viremia, and NASBA for pp67 mRNA

HCMV assay results
No. (%) of blood samples

P a

IE mRNA positive IE mRNA negative Total

Antigenemia assay positive 98 (18.9) 24 (4.6) 122 (23.5)
Antigenemia assay negative 68 (13.1) 328 (63.4) 396 (76.5) ,0.0001

Total 166 (32.0) 352 (68.0) 518

DNAemia assay positive 113 (21.7) 24 (4.6) 137 (26.3)
DNAemia assay negative 54 (10.4) 329 (63.3) 383 (73.7) ,0.0001

Total 167 (32.1) 353 (67.9) 520

Viremia assay positive 25 (5.2) 0 25 (5.2)
Viremia assay negative 131 (27.0) 329 (67.8) 460 (94.8) ,0.0001

Total 156 (32.2) 329 (67.8) 485

NASBA for pp67 mRNA positive 30 (5.9) 2 (0.4) 32 (6.3)
NASBA for pp67 mRNA negative 134 (26.2) 345 (67.5) 479 (93.7) ,0.0001

Total 164 (32.1) 347 (67.9) 511

a Concordant versus discordant results (pearson chi-square test).
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137 DNAemia-positive samples, as many as 113 (82.5%) were
IE mRNA positive, whereas of the 383 DNAemia-negative
samples, as many as 329 (85.9%) were IE mRNA negative.
Similarly, of the 122 antigenemia-positive samples, 98 (80.3%)
were IE mRNA positive, whereas of the 396 antigenemia-
negative samples, 328 (82.8%) were IE mRNA negative. On
the other hand, as far as assays for viremia and pp67 mRNA
are concerned, the level of positive results concordant with
positivity for IE mRNA was in the range of 93.8 to 100%, and
that of concordant negative results was in the range of 71.5 to
72.0%. The difference in the distribution of concordant and
discordant results, according to comparisons of the results be-
tween different pairs of assays, is reported in Table 2. Statisti-
cal analysis showed that the proportion of concordant results
was significantly greater than that of discordant results for each
pair of comparisons.

By using the NASBA for detection of IE mRNA as the
reference standard for detection of HCMV infection in single
blood samples, the diagnostic sensitivities of assays for DNA-
emia and antigenemia were relatively low but were largely
superior to those of the assay for viremia and the NASBA for
detection of pp67 mRNA (Table 3). Similarly, NPVs for the
assays for antigenemia and DNAemia were higher than those
for the assay for viremia and the NASBA for detection of pp67
mRNA. On the contrary, specificities and PPVs were high (80
to 100%) for all four assays.

Time to detection of HCMV infection. The mean time to the
first detection of HCMV infection following transplantation in
the 39 BMT recipients is reported in Table 4. The first assay
that detected HCMV infection was the NASBA for detection
of IE mRNA, followed by assays for antigenemia, DNAemia,
and viremia and the NASBA for detection of pp67 mRNA.

These differences were statistically significant only for the assay
for viremia and the NASBA for pp67 mRNA versus the
NASBA for IE mRNA. However, when considering the mean
times (in days) of delay (with respect to the time to detection
by the NASBA for IE mRNA) for different assays to become
positive during both first and relapse episodes, it was found
that such delays were in the range of 4.2 6 7.4 (assay for
DNAemia) to 8.4 6 8.8 (assay for viremia) days. Thus, on
average, the NASBA for IE mRNA preceded the other four
assays in detecting HCMV in blood for the overall number of
episodes (first and secondary) of HCMV infection per patient
by about 1 week (Table 4).

Finally, the mean time to first HCMV negativity (disappear-
ance) for blood following initiation of antiviral treatment was
significantly lower (1.6 6 2.5 days) for the assay for viremia
than for the NASBA for detection of IE mRNA, whereas it
was comparable to that for the NASBA for detection of IE
mRNA for the other three assays (Table 4). The longer dura-
tion of treatment for the latter assays was due to the time
required to confirm negativity by the assay for antigenemia in
three sequential blood samples.

NASBA for IE mRNA and antiviral treatment. On the
whole, 31 of 39 (79.5%) BMT recipients received antigenemia
assay-guided preemptive therapy. Among the eight untreated
patients, four were positive only by the NASBA for IE mRNA,
two were positive only by the NASBA for IE mRNA and the
assay for DNAemia, and two were positive only by the NASBA
for IE mRNA and the assay for antigenemia, yet for the last
two patients a single pp65-positive PBL was detected in a
single blood sample.

As shown in Table 5, if confirmed positivity of qualitative IE
mRNA determination by NASBA had been used as a virologic
parameter for the initiation of preemptive therapy instead of
the assay for antigenemia, 35 of 39 (89.7%) HCMV-positive
BMT patients would have been treated (with the exclusion of
the 3 patients positive by the NASBA for IE mRNA in a single
blood sample and the single patient positive only by the assay
for antigenemia). On the other hand, if confirmed positivity by
the assay for DNAemia had been used for the initiation of
preemptive therapy, the same absolute number of patients
(n 5 31) whose HCMV infection was detected by the assay for
antigenemia could have been treated. Finally, if first positivity
for pp67 mRNA had been chosen as a criterion for the initi-
ation of therapy, only 15 of 39 (38.5%) patients would have
been treated. However, pp67 mRNA expression could be di-

TABLE 3. Diagnostic value of assays for antigenemia, viremia,
and DNAemia and NASBA for detection of pp67 mRNA for

detection of HCMV infection in 544 blood samples from 51 BMT
recipients by using the NASBA for detection of IE

mRNA as the “gold standard”

Assay for detection of: Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Antigenemia 59.0 93.2 80.3 82.8
Viremia 16.0 100 100 71.5
DNAemia 67.7 93.2 82.5 85.9
pp67 mRNA 18.3 99.4 93.7 72.0

TABLE 4. Times to first detection of HCMV in blood following transplantation and to first disappearance of HCMV from blood following
onset of antiviral treatment according to different viral assays

Assay for detection of:
Time to first HCMV detection

Time lag by which IE mRNA
detection precedes positivity by

other assaysa

Time to first HCMV disappearance
during therapy

Mean 6 SD days P b Mean 6 SD days P c Mean 6 SD days P d

IE mRNA 37.7 6 15.4 NAe NA NA 7.7 6 9.8 NA
Antigenemia 39.6 6 15.6 NS f 5.7 6 7.7 NS 8.9 6 10.5 NS
DNAemia 40.9 6 15.2 NS 4.2 6 7.4 NS 8.9 6 10.1 NS
Viremia 43.7 6 16.3 ,0.0005 8.4 6 8.8 NS 1.6 6 2.5 ,0.01
pp67 mRNA 43.7 6 17.5 ,0.005 6.7 6 5.6 NS 4.9 6 8.9 NS

a Determined upon first HCMV appearance as well as relapse episodes.
b t test. A significant difference was also found for the assay for DNAemia versus the assay for viremia (P , 0.005) and the NASBA for pp67 mRNA (P , 0.05).
c Kolmogorov-Smirnov test.
d Kolmogorov-Smirnov test. A significant difference was also found for the assay for DNAemia versus the assay for viremia (P , 0.0001) and the NASBA for pp67

mRNA (P , 0.005) and for the assay for antigenemia versus the assay for viremia (P , 0.01).
e NA, not applicable.
f NS, not significant.
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rectly influenced by early initiation of antiviral therapy in these
patients.

Kinetics of HCMV infection in treated BMT recipients by
different assays. The kinetics of HCMV infection as detected
by different viral parameters in six representative treated BMT
patients is reported in Fig. 1. In patients 22 and 9 (Fig. 1C and
D, respectively), a single course of antiviral treatment was able
to block HCMV reactivation, whereas the other four patients
whose data are reported in Fig. 1 needed multiple treatment
courses to overcome the subsequent episodes of HCMV reac-
tivation. The appearance of pp67 mRNA in the blood of these
patients was restricted to the highest peak of HCMV infection
(patients 6, 9, and 12), which was reached sometimes after the
onset of treatment (patient 6), or to the first episode of reac-
tivation (patient 14), while antiviral treatment induced nega-
tivity for this viral parameter. In some other patients (patients
22 and 24), pp67 mRNA was never detected, possibly due to
the very early therapy. On the other hand, IE mRNA was
detected in nearly every episode of HCMV active infection,
mostly (patients 9, 12, 14, 22, and 24) preceding by some days
or sometimes (patient 6) appearing concomitantly with pp65
antigenemia and DNAemia. During antiviral treatment, the
NASBA for IE mRNA required approximately the same time
as the assays for pp65 antigenemia and DNAemia to become
negative. However, in patient 6 (Fig. 1A), while the assay for
pp65 antigenemia became negative after a first course of com-
bined antiviral treatment, the NASBA for IE mRNA remained
positive (and the level of DNAemia was increasing). Thus, a
second course of combined treatment was needed in this pa-
tient to control HCMV infection after pp65 antigenemia re-
appearance; later, HCMV DNA alone was again detected in
blood (as in patient 22), but neither pp65 antigenemia nor IE
mRNA was further detected.

DISCUSSION

HCMV infection still represents one of the major causes of
morbidity and mortality in BMT recipients, mainly as HCMV-

related interstitial pneumonia. This life-threatening disease is
difficult to treat successfully once it is established, with preven-
tion representing the most effective approach. Early detection
of HCMV infection is particularly relevant in BMT recipients,
as the severe impairment of their specific antiviral immunity
makes the timely initiation of antiviral therapy mandatory for
prevention of HCMV disease. This consideration is in contrast
to the situation for solid-organ recipients, in whom modulation
of immunosuppressive therapy is an additional option, whether
or not it is combined with antiviral agents. The availability of
highly active HCMV-specific antiviral drugs such as GCV and
PFA has led to prompt treatment of the HCMV infection
before the appearance of clinical symptoms. Demonstration of
infectious virus in blood (viremia) or in bronchoalveolar lavage
specimens has reduced the number of patients who develop
interstitial pneumonia through preemptive treatment of infec-
tion.

However, in 10 to 15% of patients interstitial pneumonia
developed contemporaneously with the identification of infec-
tious virus either in blood or in bronchoalveolar lavage speci-
mens, and in these patients treatment was ineffective (23, 37).
More recently, more sensitive assays for the early detection of
virus in blood have been developed, and either antigenemia or
DNAemia positivity has been used as a virologic indicator for
the initiation of antiviral treatment in BMT recipients (5, 6, 11,
22, 30, 31, 39, 42), with satisfactory results in terms of disease
prevention. However, because viral transcripts may represent a
more direct marker of viral biologic activity in patients com-
pared to antigenemia and DNAemia, the presence of both late
and IE mRNAs has been proposed as a better virologic pa-
rameter to be relied on for the planning of preemptive therapy
strategies in patients who receive transplants. In this respect,
the development of the NASBA technology has represented a
recent major advance, as it overcomes the problems (usually
encountered with reverse transcription-PCR technology) in-
herent to amplification of RNA in a background of DNA. In a
recent retrospective study, in which an antigenemia cutoff of
100 was used for preemptive therapy of reactivated HCMV

TABLE 5. Predicted treatment under guidance of NASBAs for IE mRNA and pp67 mRNA and assay for DNAemia versus the actual
treatment under guidance of assay for antigenemia

Patient characteristic

Actual treatment under
the guidance of assay

for antigenemia

Predicted treatmenta under the guidance of:

NASBA for IE mRNA NASBA for pp67 mRNA Assay for DNAemia

No. of
treated
patients

No. of
untreated
patients

No. of
treated
patients

No. of
untreated
patients

No. of
treated
patients

No. of
untreated
patients

No. of
treated
patients

No. of
untreated
patients

Antigenemia positive 31 2b 32b 1 15 18b 30b 3b

Antigenemia negative NAc 18 3 15 0 18 1 17
IE mRNA positive 30 8 35 3d 15 23 31 7
IE mRNA negative 1e 12 NA 13 0 13 0 13
pp67 mRNA positive 15 0 15 0 15 0 15 0
pp67 mRNA negative 16 20 20 16 NA 36 16 20
DNAemia positive 29 3 32 0 15 17 31 1f

DNAemia negative 2e 17 3 16 0 19 NA 19

Total 31 20 35 16 15 36 31 20

a Predicted starting treatment upon first confirmed positive result by NASBA for IE mRNA and assay for DNAemia and upon first positive result by NASBA for
pp67 mRNA.

b Although antigenemia positive, two patients (patients 19 and 32) were not treated due to detection of a single pp65-positive polymorphonuclear leukocyte not
confirmed subsequently (they were both IE mRNA positive and one was also DNAemia positive).

c NA, not applicable.
d Three patients (patients 36, 37, and 38) had only a single IE-mRNA-positive sample during the follow-up period.
e One patient (patient 51), treated upon the first confirmed detection of one pp65-positive polymorphonuclear leukocyte on day 17 after transplantation, did not show

the presence of IE mRNA or HCMV DNA in blood.
f One of the 32 DNAemia-positive patients (patient 33) had only a single (not subsequently confirmed) positive sample (the patient was also antigenemia negative).
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infections in solid-organ transplant (heart, lung) recipients, it
was shown that NASBA detection of the pp67 viral transcript
in blood could usefully be used as a virologic marker for ini-
tiation of preemptive therapy in this patient population (14).
On the other hand, in the same study, use of pp67 mRNA
detection in BMT recipients appeared to be potentially too
risky, as the NASBA for pp67 mRNA became positive a mean
time of 2.0 6 5 days later than assays for antigenemia. Actu-
ally, in that study it was found that the sensitivity of the

NASBA for pp67 mRNA detection for detection of HCMV
infection in transplant recipients was intermediate (58%) be-
tween those of assays for antigenemia (78%) and viremia
(54%). In view of the need for the very early diagnosis of
HCMV infection in severely immunocompromised BMT pa-
tients, the NASBA for detection of pp67 mRNA may not be a
suitable method for determination of the need for initiation of
antiviral therapy in this clinical setting. However, it should be
considered that the results for pp67 mRNA in the current

FIG. 1. Kinetics of HCMV infection in six preemptively treated BMT recipients. Pt, patient; D, donor; R, recipient; 2, HCMV negative; 1, HCMV positive; h,
assay for antigenemia; }, assay for viremia; E, assay for DNAemia.
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retrospective study may have been influenced by the early start
of preemptive therapy. A prospective study that compares pre-
emptive therapy based on either the results of the assay for
pp65 antigenemia or the NASBA for pp67 mRNA has recently
been started with heart and lung transplant recipients, and it
may provide more conclusive data on this issue for BMT re-
cipients as well.

On this basis, the present study was aimed at investigating
the following issues: (i) the level of sensitivity of the NASBA
for detection of IE mRNA for detection HCMV infection in
the blood of BMT recipients compared to those of the other
assays tested, including the NASBA for pp67 mRNA; (ii) the
effectiveness of the very early detection of HCMV infection in
blood by the NASBA for IE mRNA compared to that by the
other four assays; and (iii) the (predicted) number of BMT
patients with HCMV infection to be treated by use of the
results of the NASBA for IE mRNA as a virologic marker
compared to use of the results of the assays for antigenemia
and DNAemia (the most commonly used assays) and to the
NASBA for pp67 mRNA.

Prior to discussing the clinical sensitivity and specificity of
the NASBA for IE mRNA, we must consider the results ob-
tained by performing the NASBA for IE mRNA with the three
groups of controls mentioned above. IE mRNA were not de-
tected on repeat testing in any control subject or patient. These
results allow us to reliably conclude that detection of IE
mRNA by NASBA in patients reveals an active HCMV infec-
tion in the immunocompromised host. IE mRNA was not
detected in blood by NASBA during reactivated infections in
breast-feeding mothers, yet it was detected for a short period
of a few months during the convalescent phase of a primary
HCMV infection (M. G. Revello, D. Lilleri, and G. Gerna,
unpublished data) or during congenital HCMV infections
(Revello et al., unpublished data). In immunocompetent sub-
jects, the lack of IE mRNA in blood during HCMV reactiva-
tions corresponds to the lack of viral DNA or antigenemia
(35).

The sensitivity of the NASBA for IE mRNA in detecting
HCMV infection in individual BMT patients was shown in this
study to be slightly superior (38 HCMV-positive patients de-
tected) to those of the assays for antigenemia (33 patients) and
DNAemia (32 patients) and largely superior to those of the
NASBA for pp67 mRNA (15 patients) and the assay for vire-
mia (14 patients). By using the NASBA for IE mRNA as the
reference test, the assays for antigenemia and DNAemia had
sensitivities of greater than 80% and NPVs of greater than
60% for the detection of active HCMV infection, whereas
values of both parameters were lower than 40% for the
NASBA for pp67 mRNA and the assay for viremia. On the
other hand, specificities and PPVs were greater than 90% for
all five assays. In addition, of the 39 HCMV-positive BMT
patients, HCMV infection was detected in as many as 34
(87.2%) patients by at least two assays. Of the five patients in
whom HCMV infection was detected by only one assay, infec-
tion was detected in four patients by the NASBA for IE
mRNA and in one patient by the assay for antigenemia. Of the
four patients positive by the NASBA for IE mRNA, one was
repeatedly positive, whereas only a single blood sample from
each of the three remaining patients was positive. Thus, the last
three patients would not have been treated because of the
requested confirmation of positivity. As mentioned above, se-
quential blood samples from the single patient who was posi-
tive only by the assay for antigenemia were found to be positive
by detection of a single pp65-positive PBL and thus the patient
was treated.

The greater sensitivity of the NASBA for IE mRNA was also

shown by the very early detection of the HCMV infection in
blood compared to the times to detection for the other assays.
Earlier HCMV detection by the NASBA for IE mRNA was in
the range of 4 to 8 days as compared to the other assays. These
data allow us to predict that, by using positivity by the NASBA
for IE mRNA as a virologic parameter for the initiation of
preemptive therapy, not only a greater number of patients
would be treated but the patients would also be treated some
days earlier. In addition, they would be treated for a slightly
shorter period of time.

Treatment guided by the assay for antigenemia required
confirmation of positivity within 2 days when it was limited to
a single pp65-positive PBL. By using this criterion, 31 BMT
patients were treated in this study, and no HCMV disease or
HCMV-related clinical complications were observed. Treat-
ment predicted by use of confirmed positivity by the assay for
DNAemia as a virologic indicator would have involved an
identical absolute number of patients. By use of first positivity
for pp67 mRNA as an indicator for treatment, less than 50% of
the patients (15 instead of 31) would have been treated. How-
ever, we must consider that in some patients the appearance of
pp67 mRNA might have been prevented by early therapy
guided by the results of the assay for antigenemia. If first
confirmed positivity by the NASBA for IE mRNA had been
used to predict the need for treatment of the BMT patients in
this study, as many as 35, i.e., 4 more than the number of
patients predicted by the assays for antigenemia or DNAemia,
would have been treated. However, the single patient positive
only by the assay for antigenemia would not have been treated.

The clinical finding that these additional patients, who were
not actually treated on the basis of guidance from the results of
the assay for antigenemia, did not present any clinical mani-
festation related to HCMV disease would suggest that these
patients did not need treatment for the HCMV infection,
which actually resolved spontaneously. On the other hand, in
contrast to other reports (4), in our department we never
observed cases of HCMV disease in patients preemptively
treated on the basis of the results of the assay for antigenemia.
This finding justifies trials based on even more sensitive tests
than the assay for antigenemia, such as detection of IE mRNA
by NASBA. In fact, the risk of the early onset of interstitial
HCMV pneumonia together with the easy performance of
NASBA, as well as the need for more extensive knowledge of
the effect of an earlier treatment of HCMV infection in a BMT
population, suggest the need to perform comparative con-
trolled trials based on treatment schedules guided by the re-
sults of assays for antigenemia (or DNAemia) and the NASBA
for IE mRNA detection. A better understanding of the clinical
impact of earlier treatment of HCMV infections in BMT pa-
tients would improve management of HCMV infections in this
important transplant patient population.

Finally, the occurrence of late HCMV disease following
prolonged prophylactic GCV treatment as a result of a lack of
an immune response due to early abrogation of antigenic stim-
uli (5) was never observed in our department when the pre-
emptive therapy protocol guided by the results of the assay for
antigenemia was used. It is reasonable to speculate that our
patients could have developed specific antiviral immunity due
to both the limited treatment duration and the consideration
that HCMV infection is detected in PBLs of transplant pa-
tients when virus replication in endothelial cells of blood ves-
sels has already occurred, as recently suggested by the in vitro
model developed in our laboratory for the study of the inter-
actions between PBLs and endothelial cells (33).
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Ricerca sull’AIDS (grant 50B.21).

REFERENCES

1. Aono, T., K. Kondo, H. Miyoshi, K. Tanaka-Taya, M. Kondo, Y. Osugi, J.
Hara, S. Okada, and K. Yamanishi. 1998. Monitoring of human cytomega-
lovirus infections in pediatric bone marrow transplant recipients by nucleic
acid sequence-based amplification. J. Infect. Dis. 178:1244–1249.

2. Blok, M. J., M. H. L. Christiaans, V. J. Goossens, J. P. van Hooff, P.
Sillekens, J. M. Middeldorp, and C. A. Bruggeman. 1999. Early detection of
human cytomegalovirus infection after kidney transplantation by nucleic acid
sequence-based amplification. Transplantation 67:1274–1277.

3. Blok, M. J., V. J. Goossens, S. J. V. Vanherle, B. Top, N. Tacken, J. M.
Middeldorp, M. H. L. Christiaans, J. P. van Hooff, and C. A. Bruggeman.
1998. Diagnostic value of monitoring human cytomegalovirus late pp67
mRNA expression in renal-allograft recipients by nucleic acid sequence-
based amplification. J. Clin. Microbiol. 36:1341–1346.

4. Blok, M. J., I. Lautenschlager, M. H. L. Christiaans, J. P. van Hooff, V. J.
Goossens, J. M. Middeldorp, P. Sillekens, A. Ramon, K. Höckerstedt, and
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